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Abstract- Semiconductive nanometer-size   material ZnCo2O4 was synthesized by a solution combustion 
reaction of inorganic reagents of Zn(NO3)3. 6H2O, Co(NO3)3.6H2O  and glycine as a fuel. The process 
was a convenient, environment friendly, inexpensive and efficient preparation method for the ZnCo2O4 
nanomaterial. The synthesized materials were characterized by TG/DTA, XRD, EDX, SEM, and TEM. 
Conductance responses of the nanocrystalline ZnCo2O4 thick film were measured by exposing the film 
to reducing gases like Acetone, Ethanol and CO2. It was found that the sensors exhibited various 
sensing responses to these gases at different operating temperature. Furthermore, the sensor exhibited 
a fast response and a good recovery. The results demonstrated that ZnCo2O4 can be used as a new type 
of gas-sensing material which has a high sensitivity and good selectivity to Ethanol 200 ppm.      
 
 
Index terms: combustion technique, Nanostructure ZnCo2O4, XRD, SEM, TEM, Gas sensor. 
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 I. INTRODUCTION 
 
 
Semiconducting oxide are widely used for toxic, hazardous and combustible gases and vapours 
in safety and automotive application. Few semiconducting oxide materials used in this 
application are Cr2O3, ZnO, SnO2, Fe2O3, etc. [1-11]. Since then, various types of sensing 
materials have been reported in the literature ranging from SnO2, ZnO, TiO2, WO3, In2O3 to 
CuO, Fe2O3, NiO, and Y2O3 [12]. Ethanol is explosively utilized for beverages, industrial and 
scientific sectors. Ethanol is a hypnotic [13] gas having toxic nature. Heavy exposure and/or 
consumption of alcoholic beverages, particularly by smokers, increase the risk of cancer [14] of 
the upper respiratory and digestive tracks. Alcoholic cirrhosis leads to liver cancer. Amongst the 
women, the chance of breast cancer increase with alcoholic consumption or exposure. Those 
working on ethanol synthesis have great chances of being victims of respiratory and digestive 
track cancer. So there is a great demand and emerging challenges for monitoring ethanol gas at 
trace level. Few researchers have conducted studies on ethanol gas sensor. It has been not 
possible to meet the demand of ethanol sensors in sufficient quantities.  In this paper, we have 
synthesized ZnCo2O4 nanoparticles by novel combustion reaction. One of our aims is to develop 
a general synthesis method and explore the gas sensing properties of the ZnCo2O4nanopowder. 
We found that the process is a convenient, environment friendly, inexpensive and efficient. 
Furthermore, the ZnCo2O4obtained possesses excellent gas-sensing responses to reducing gas 
and grain size is about 40 nm. This discovery could aid in the synthesis of low cost and ZnCo2O4 
is outstanding in promoting the sensing properties of C2H5OH in air.     
 
II. EXPERIMENTAL 
 
In this study, the as-synthesized ZnCo2O4 powder were prepared using combustion synthesis 
different molar composition of fuel, subsequently, the molar composition was maintained 
constant, and process was carried out under varying synthesis temperatures. Zinc cobalt oxide 
(ZnCo2O4) was synthesized using the modified solution combustion technique, starting from 
solution of Zn(NO3)26H2O (7.43g), (Co (NO3)26H2O (7.27g), and glycine (6.05g). glycine 
possesses a high heat of combustion. It is an organic fuel and providing a platform for redox 
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reactions during the course of combustion.Initially the Zinc nitrates, Cobalt nitrates and Glycine 
are taken in the 1:1:4 stoichiometric amount and dissolved in a 250 ml beaker and made in 
homogenous peste. Peste formed was evaporated on hot plate in temperature range of 70
0
C to 
80
0
C resulting into a thick gel. The gel was kept on a hot plate for auto combustion and heated in 
the temperature range of 170
0
C to 180
0
C. The nanocrystalline ZnCo2O4 powder was formed 
within a five minute. And it was sintered at about 300, 500, 800 and 1000
0
C for about 4 hours 
when we got a black color shining powder of nanocrystalline ZnCo2O4[15-16]. 
 
Zinc cobalt oxide powder was ground in an agate pastel-moter to ensure sufficiently fine particle 
size. The fine powder was calcined at 800
0
C for 24 h in air and re-ground. The thixotropic paste 
was formulated by mixing the resulting ZnCo2O4 fine powder with a soluction of ethyl cellulose 
(a temporary binder) in a mixture of organic solvents such as butyl carbitol acetate, and 
turpineol. The ratio of inorganic and organic path was kept as 75:25 in formulating the paste. The 
paste was then used to prepare thick films. The thixotropic paste was screen printed on a glass 
substrate in desired patterns. The films prepared were fired at 500
0
C for 24 h. 
 
The sensing performance of the sensors was examined using a “static gas-sensing system. There 
were electrical feeds through the base plate. The heating was constant on the base plate to heat 
the sample under test up to required operating temperatures. The current passing through the 
heating element was monitored using a relay with adjustable ON/OFF time intervals. A Cr-Al 
thermocouple was used to sense the operating temperature of the sensors. The output of the 
thermocouple was connected to digital temperature indicators. A gas inlet valve was fitted at one 
port of the base plate. The required gas concentration inside the static system was achieved by 
injecting a known volume of test gas using a gas-injecting syringe. A constant voltage was 
applied to the sensors, and current was measured by a digital Pico-ammeter. Air was allowed to 
pass into the glass dome after every Gases exposure cycle as shown in Fig.1[8]. 
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 Figure 1. Block Diagram Of Static Gas Sensing Setup. 
 
The as –prepared samples were characterized by TG/DTA thermal analyzer (SDT Q600 V 20.9 
Build 20), XRD Philips Analytic X-ray B.V. (PW-3710 Based Model diffraction analysis using 
Cu-Kαradiation), scanning electron microscope (SEM, JEOL JED 2300) coupled with an energy 
dispersive spectrometer (EDS JEOL 6360 LA), A JEOL JEM–200 CX transmission electron 
microscope operating at 200 kV analysis.  
 
III. RESULT AND DISCUSSION 
 
a. TG-DTA 
                  2C2NH3O2 + (9/2) O2   →   N2↑ + 4CO2↑ + 5H2O                                                (1) 
                  Zn (NO3)3 + Co (NO3)3 + 4C2H5NO2 → ZnCo2O4 + 8H2O + 10H2O + 5N2↑     (2) 
TG-DTA analysis was performed at a heating rate of 10 K min
-1
 to investigate the thermal 
properties of ZnCo2O4. The TG spectrum and its 1
st
 derivative in Fig.2 show the thermal 
decomposition of ZnCo2O4 is the curve indicates that the slight weight loss of about 13.2%at 
temperature up to 140
0
C in ZnCo2O4 powder due to little loss of moisture, carbon dioxide and 
nitrogen gas. The DTA curve of ZnCo2O4 recorded in static air and in shown in Fig. 2. The curve 
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shown that ZnCo2O4 did not decompose, but weight loss was due to dehydrogenation, 
decarboxylation and denitraction. Further weight loss of about 28% between the temperature 
range 300
0
C and continuous loss in weight about 48% up to 600
0
C is attributed to loss of organic 
materials and yield final product at 650
0
C, this weight loss and weight gained was very 
negligible. This weight change was in the range of 650
0
C these indicating that the synthesized 
powder was almost stable from the begging. The formation temperature in the present work is 
found to be comparatively similar than that reported for corresponding solid state reaction 
route[17].  
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Figure  2. TG-DTA Curve Of Mixed Precursor ZnCo2O4. 
 
b. XRD analysis 
The X-ray diffraction pattern of sample at different temperatures of synthesis.Is shown in Fig.3. 
The observed d values compared with standard d values and are in good agreement with standard 
d value JCPDS data. (Card number 82-1042). The structure possesses the cubic may be attributed 
to the different preparation method which may yield different structural defects. The crystalline 
size was determined from full width of half maximum (FWHM) of the most intense peak 
obtained by shown scanning of X-ray diffraction pattern. The crystallite size was calculated by 
using Scherrerequation[18-19].  
d = 0.9λ/ βcosθ 
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Where, d is the crystalline size, λ is the X-ray wavelength of the Cu Kα source (λ=1.54056 A
0), β 
is the FWHM of the most predominant peak at 100 % intensity, θ is the Braggs angle at which 
peak is recorded. In order to obtain pure nanocrystalline ZnCo2O4 particles and understand the 
thermal characterizations, the as prepared ZnCo2O4 powder is further calcinedat 180, 300, 500, 
800 and 1000
0
C respectively (the calcined temperature assigned as TC).Fig.3 present XRD 
patterns for ZnCo2O4 oxide nanoparticles.The effects of the calcinations temperature on the 
crystallite size of ZnCo2O4 particles can be demonstrated. Traces of ZnCo2O4 crystallites phases 
(111), (220), (311), (222), (400),(311), (422) and (511) are detected in the XRD pattern for all 
calcined temperatures and then their intensities increase abruptly when the TC above 1000
0
C .In 
general, the sharpness of the XRD peak (i.e. high crystallinity) is increased as the TC increases. 
According to the (222) diffraction pattern of ZnCo2O4 crystalline, the particle size of ZnCo2O4 
can be calculated from the full width at haif-maximum using the Scherrer equation. Obviously, 
the particle size of ZnCo2O4 changes as theTc controlled fewer than 180, 300, 500, 800 and 
1000
0
C, the order is 7, 8, 9, 12 and 37 nm, respectively.  
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Figure  3. XRD Pattern Of Calcinied Mixed Precursor ZnCo2O4 At 300
0
C, 500
0
C. 800
0
C, 
1000
0
C  In Air For 4 h. 
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c. Particle size analysis 
Particle size distribution studies Fig.4 have been carried out by using dynamic light scattering 
techniques (DLS) via Laser input energy of 632 nm). It was observed that zinc cobalt oxide 
nanoparticles particles have narrow size distribute within the range of about 25-35 nm. Which 
well matches are with calculated from Scherrer equation. 
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Figure 4. Particle Size Distribution Of Mixed Precursor ZnCo2O4 at 800
0
C in air for 4 h. 
 
d. Energy dispersive x-ray microanalysis  
 
Fig. 5 shows the energy dispersive X-ray spectrum ofZnCo2O4. This was carried out to 
understand the composition of zinc, cobalt and oxygen in the material. There was no unidentified 
peak observed in EDX.  This confirms the purity and the composition of the 
ZnCo2O4nanomaterial. 
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 Figure  5. EDX Pattern Of Mixed Precursor ZnCo2O4 at 800
0
C In Air For 4 h. 
 
e. Scanning electron microscopy 
 
The microstructure of the 800
0
C sintered samples can be visualized from scanning electron 
microscope (SEM) tool. Fig.6.depicts SEM images of ZnCo2O4 powder.  Shown the 
particalmorphology of high resolution, the partical are most irregular in shape with a nanosize 
range 100-200 nm some particles are found as agglomerations containing very fine particles. It 
can be observed that ZnCo2O4 have uniformed size of about 5μm.It seems that surface are 
smooth, spongy pores are seen   in the micrograph. 
 
 
                              (a)                                                                         (b) 
Figure  6. SEM Images Of Mixed Precursor ZnCo2O4 At 800
0
C In Air For 4 h (a) Low 
Resolution And (b) High Resolution. 
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 f. Transmission electron microscopy  
The TEM image of the mixed precursor calcined at 800
0
C for 4h are shown in Fig.7(a).It 
indicates the presence of ZnCo2O4 nanoparticles with size 30-40 nm which form beed type of 
oriental aggregation throughout the region. The selected area electron diffraction (SAED) pattern 
Fig.7 (b) shows the spot type pattern which is indicative of the presence of single crystalline 
particles. No evidence was found for more than one pattern, suggesting the single phage nature 
of the material.    
 
 
 
                  
(a)                                                                       (b) 
Figure  7. TEM (a,) Images Of Nanostructured ZnCo2O4 (b) SAED Pattern. 
 
g. Thickness measurement 
The thicknesses of the films were observed to be in the range from 25-35 µm. The 
reproducibility of the film thickness was achieved by maintaining the proper rheology and 
thixotropy of the paste. 
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 IV. ELECTRICAL PROPERTIES OF THE SENSORS 
 
a. I-V characteristics 
Fig. 8 depicts I-V characteristics of ZnCo2O4 films. It is clear from the symmetrical I-V 
characteristics that the silver contacts on the films were ohmic in nature. The voltage applied was 
in the range 1-30V. 
 
 
Figure  8. I-V Characteristics Of The Sensor. 
 
 b. Electrical resistivity 
 
Fig. 9 shows the variation of resistivity with temperature. The resistivity values of sample 
decreases with operating temperature. The decreases in resistivity with increasing temperature 
could be attributed to negative temperature coefficient of resistance and semiconducting nature 
of ZnCo2O4. It is observed from Fig.9 that the electrical resistivity of the ZnCo2O4 films are 
nearly linear in the temperature range from 50-400
0
C in air ambient.  
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Figure  9. Variation Resistivity With Reciprocal Operating Temperature 
 
V. SENSING PERFORMANCE OF SENSOR 
 
a. Gas response, selectivity, response and recovery time 
 
The relative response (S) to a target gas is defined as the ratio of the change in conductance of a 
sample upon exposure of the gas to the original conductance in air. The relation for S is given as  
S =  Gg-Ga/Ga 
Where Ga is the conductance in air and Ggtht conductance in a sample gas. 
Specificity or selectivity is defined as the ability of a sensor to respond to a certain gas in the 
presence of different gases. Response time (RST) is defined as the time neede for a sensor to 
attain 90% of the maximum increases in conductance on exposure to the target gas. 
Recovery time (RCT) is the time taken to get back 90% of the original conductance in air. 
 
b. Gas response and operating temperature 
Fig.10 depicts the variation of 200 ppm gas responses with operating temperature. The ZnCo2O4 
sensor was observed to be a temperature dependents gas sensor. From Fig.10, it is observed that 
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the sensor better responds to ethanol gas at 300
0
C, Acetone gas at 300
0
C and CO2 gas at 250
0
C. 
The sensitivity towards such gas depends on temperature. The same sensors could be used to 
identify Ethanol, Acetone and CO2 just by varying the operating temperature. This is the most 
desirable characteristic of this sensor.  
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Figure  10. Variation Of Different Gas Responses With Operating Temperatures 
 
c. Gas response and gas concentration 
It is observed from Fig.11 that the response of ZnCo2O4 film was observed to increases 
continuously with increasing the gas concentration up to 200 ppm, and it attains the maximum 
and saturates above 200 ppm. Therefore, the active region of the sensor would be up to 200 ppm, 
as the rate of rise of response is larger during this region. At lower gas concentration, the 
unimolecular layer of gas molecules would be expected to form on the surface, which would 
interact with the surface more actively giving larger responses. There would be multilayers of 
gas molecules on the sensors surface at the higher gas concentration (˃  200 ppm) resulting in 
saturation in gas response. 
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Figure  11.Variation Of Gas Response With Gas Concentration. 
 
d. selectivity  
Fig.12 depicts the variation of gas responses of ZnCo2O4 samples to ethanol among the mixture 
of gases. It is clear from the figure that the ZnCo2O4 sample shows the selective response to 
ethanol at 300
0
C among all other gases. 
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Figure 12.Selectivity Factor Of Sensor For Various Gases. 
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e. Response and recovery of the sensor 
 
The time taken for the sensor to attain 90% of the maximum increases in conductance on 
exposure of the target gas is known as response time. The time taken by the sensor to get back 
90% of the maximum conductance when the flow of gas is switched off is known as recovery 
time. The response and recovery of the ZnCo2O4 thick film sensors was quick (˜ 22 s) while the 
recovery was fast (˜ 44 s). The negligible quantity of the surface reaction products and their high 
volatility explain the quick response to ethanol and fast recovery to its chemical status as shown 
in Fig. 13.  
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Figure 13.  Response And Recovery Time Of Sensors 
 
f. discussion 
 
Gas sensing mechanism is generally explained in terms of conductance either by adsorption of 
atmospheric oxygen on the surface and/or by direct reaction of lattice oxygen or interstitial 
oxygen with the test gases. In case of former, the atmospheric oxygen adsorbs on the surface by 
extracting an electron from conduction band, in the form of super-oxide or peroxides, which are 
mainly responsible for the detection of the test gases. At higher temperature, the adsorbed 
oxygen captures the electrons from conduction band as: 
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O2(air) + 2e
-
(cond.band) → 2O
-
(film surface).         
It results in decreasing electronic conductivity of the film. The ZnCo2O4 sample was not as per 
the stoichiometric proportion and all samples were observed to be oxygen-deficient. This 
deficiency gets reduced duo to adsorption of atmospheric molecular oxygen. This helps to 
decrease electronic conductivity of the film. Upon exposure, ethanol molecules get oxidized with 
the adsorbed oxygen ions, by following a series of intermediate stages, producing CO2 and H2O. 
This results in evolving oxygen as electrically neutral atoms trapping behind the negative 
charges on the film surface. Upon exposure of ethanol gas, the energy released in decomposition 
of ethanol molecule would be sufficient for trapped electron to jump increase in the conductivity 
of the thick film of ZnCo2O4. These generated electrons and donor level in the energy band gap 
of ZnCo2O4 will contribute to increase in conductivity. When ethanol reacts with oxygen a 
complex series of reactions take place, ultimately converting the ethanol to carbon dioxide and 
water as fallows 
         C2H5OH (gas) + 6O
2-
(film surface)  → 2CO2(gas)   + 3H2O(gas) + 12e
-
(cond.band). 
This shows n-type conduction mechanism. Thus on oxidation, single molecule of ethanol 
liberates twelve electrons (3) in conduction band and results in increase in conductivity of the 
sensors. Increase in operating temperature causes oxidation of large number of ethanol 
molecules, thus producing very large number of electron resulting conductivity increases to a 
large extent. This may be the reason why the gas response increases with operating temperature. 
The thermal energy (temperature) at which the gas response is maximum, is the actual thermal 
energy needed to activate the material for progress in reaction. However, the response decreases 
at higher operating temperature, as the oxygen adsorbates are desorbed from the surface of the 
sensor. Also, at higher temperature, the carrier concentration increases due to intrinsic thermal 
excitation and the Debye length decreases. This may be one of the reasons for decreased gas 
response at higher temperature.  
 
VI. CONCLUSIONS 
 
Nanocrystalline ZnCo2O4 has been synthesized by self-combustion route. This synthesis route 
may be used for the synthesis of other metal oxide. TEM images confirmed the nano size of the 
material and from diffractogram ring pattern the crystal nature of the material were confirmed. 
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Among all other additives tested; ZnCo2O4 is outstanding in promoting the ethanol gas sensing 
mechanism. ZnCo2O4 to be optimum and showed highest response to ethanol gas at 300
0
C. The 
sensor showed very rapid response and recovery to ethanol gas. Sensing mechanism of ZnCo2O4 
was the substitution of lattice oxygen by ethanol gas. Material gains electrons in this substitution. 
The sensor has good selectivity to ethanol against Acetone and CO2.  
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